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GEORGE C.  MARSHALL SPACE FLIGHT CENTER 

MTP-AERO--62-55 

ABORT FROM A COPLANAR CIRCUMLUNAR ORBIT 

N. J. Braud 

SUMMARY 

The abor t  from a t y p i e a l  coplanar  circumlunar o r b i t  i s  
considered, where the  abor t  i s  implemented by an impulsive 
kick and where a l l  abor t  t r a j e c t o r i e s  a r e  s e l e c t e d  to achieve 
a c e r t a i n  r e e n t r y  cor r idor .  The i n v e s t i g a t i o n  is conducted 
on t h e  Jacobian model of the  r e s t r i c t e d  three-body problem. 
The r e s u l t s  provide the  time t o  r een t ry ,  r e e n t r y  ve loc i ty ,  
and m a x i m u m  d i s t ance  f rom the  e a r t h  tha t  i s  reached a f t e r  
the a b o r t .  

SECTION I. INTRODUCTION 

T h i s  r epor t  treats a problem t h a t  may a r i s e  i n  manned 
circumlunar f l i g h t s ,  that  i s ,  t h e  p o s s i b i l i t y  of having to 
abor t  from a hea l thy  t r a j e c t o r y .  There are p o t e n t i a l l y  many 
reasons f o r  considering such a p o s s i b i l i t y .  Prominent among 
these  i s  t h e  occurrence of a s o l a r  f la re  which r e s u l t s  i n  a 
dangerous increase  i n  t h e  l e v e l  of r a d i a t i o n  within t h e  
earth-moon v i c i n i t y .  Some other  problems which might r equ i r e  
such an abor t  a r e :  

1. Improper sepa ra t ion  o f  the i n j e c t i o n  vehic le .  

2. Fa i lu re  of some guidance equipment. 

3. Fa i lu re  of a cont ro l  mechanism. 

4. Power supply malfunction. 

5. Human Physic0 - Psycho f a i l u r e .  
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6. A mate r i a l  puncture of the spacec ra f t .  

7. Fa i lure  of t h e  l i f e  support  equipment. 

The objec t ive  of t h i s  r e p o r t  i s  t o  r e l a t e  t he  time 
requi red  t o  r e t u r n  to t he  e a r t h  from some po in t  on a b a s i c  
circumlunar t r a j e c t o r y  w i t h  t h e  amount of impulsive energy 
requi red  t o  abor t  a t  that  p a r t i c u l a r  po in t .  T h i s  a n a l y s i s  
i s  conducted using the  Jacobian model of t h e  r e s t r i c t e d  
t h r e e  body problem i n  which the spacec ra f t  of n e g l i g i b l e  
mass i s  assumed to move i n  t h e  p r i n c i p l e  plane of e a r t h -  
moon motion. The d i s t ance  between Ear th  and Moon i s  taken 
as 385.08 megameter. The r e s u l t s  achieved from t h i s  some- 
what s impl i f ied  s tudy  should be u s e f u l  i n  genera l  and w i l l  
become p a r t i c u l a r l y  appl icable  when toward t h e  end of t h i s  
decade t h e  i n c l i n a t i o n  of t he  1unar .p lane  permits coplanar 
f i r i n g s  from Cape Canaveral. 

SECTION 11. DISCUSSIONS 

A .  ORBIT LAYOUT 

The reference o r b i t  which i s  used as a basis for t h e  
abor t  study l i e s  wi th in  the  p r i n c i p a l  plane of earth-moon 
motion. The o r b i t  is  of  a pure ly  b a l l i s t i c  f i gu re -e igh t  
t y  e that  has a ho r i zon ta l  i n j e c t i o n  speed of about 10,893 
m$. 
by 126.9 degrees and corresponds t o  an' a l t i t u d e  of 150 k m  
above t h e  sur face  of t he  earth. The re ference  o r b i t  i s  
shown i n  an i n e r t i a l  re fe rence  frame i n  Figure 1. 

The i n j e c t i o n  rad ius  vec to r  t r a i l s  the  earth-moon l i n e  

The periselenum condi t ions of t he  o r b i t  include a c lose  
approach t o  t he  moon of  5623 k m  (radial  d i s t a n c e )  or 3888 k m  
above t h e  su r face  of t he  moon. The periselenwn occurs behind 
the  moon, 84.2 hours a f t e r  i n j e c t i o n ,  a t  which t i m e  t h e  
spacec ra f t  i s  t r a v e l i n g  1617 m/s w i t h  r e spec t  to t h e  moon. 

The t r a j e c t o r y  i s  l a i d  out  such tha t  a s i n g l e  pass 
r e e n t r y  i n t o  the ear th ' s  atmosphere would r e s u l t .  The r een t ry  
poin t  i s  assumed to be a t  120 k m  a l t i t u d e .  A t  t h a t  po in t  
t h e  tga j ec to ry  shows a v e l o c i t y  of 10918 m/s and a pa th  angle 
of 96 measured from l o c a l  v e r t i c a l .  The time of r e e n t r y  i s  
168.6 hours af ter  i n j e c t i o n  (7.02 days t r a v e l  t ime) .  
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B. IMPULSE CONSIDERATIONS 

The abort from the reference trajectory is assumed to 
be implemented by an instantaneous impulse. In this inves- 
tigation the largest amount of impulsive energy considered 
is that magnitude which would result in a maximum velocity 
increment of 2500 m/s. 
supplying this energy, under the assumptions of a 420 sec 
specific impulse, no air drag, and no gravitational accel- 
e.Lw.bLUl1 uuJ.-Lll& appLLbatrvrr "4. " I I b  - L I I * p c I c . L u " ,  ")*VI& "**AI 

increment would correspond to a mass ratio (post-impulse to 
pre-impulse) of .556. 

If the restarted S-IV stage were 

--- Lf - ~ -  A-.--t -- ---I + i nn nf' C-hn i m r n i l  ~n thon +hi R ~ ~ ~ 1 n c i f - y  

The simplifying assumption of aborting by means of an 
impulse, although not completely realistic, does provide a 
good approximation of results obtainable with high, finite 
thrust accelerations. For the S-IV stage mentioned above 
and a reasonable cutoff mass, the 2500 m/s velocity increment 
corresponds to a thrust period of about.20 seconds, compared 
t o  the ballistic portion of .the abort trajectory in the order 
of lo4 sec f o r  most of  the area of investigation. 

C. ANALYSIS 

1. General 

The minimization of time from abort to reentry must 
logically be done under various constraints. The limitations 
considered here are that only enough propellants for a velocity 
correction in the order of 2500 m/s are available, and that 
reentry must be achieved in a positive sense with respect to 
earth rotation while meeting certain conditions determined 
previously 5.n a separate reentry study (Reference 1). 

This investigation is conducted in such a way that 
light is shed on the flight mechanical considerations asso- 
ciated with the abort problem. The approach taken is to 
select a reference coplanar circumlunar trajectory and then 
determine abort trajectories from various points on this 
basic orbit. Abort trajectories initiated by various incre- 
mental velocity impulses up to 2500 m/s were generated for 
this study, but f o r  the sake of  simplicity only three levels 
will be discussed. They are magnitudes of 2500, 2000 and 
1500 m/s. 

are shown on Figure 2. 
The time points that are considered as abort points 

Also indicated on the same figure 
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are t h e  d i r ec t ions  of impulse a p p l i c a t i o n  f o r  each abor t  
po in t .  These incremental  v e l o c i t y  d i r e c t i o n s  were determined 
s o  as t o  still achieve r e e n t r y  i n  the  d i r e c t i o n  of the ear th 's  
r o t a t i o n  and wi th  a 96 degree pa th  angle a t  120 k m  a l t i t u d e  
above the  ear th .  It was found that  the incremental  v e l o c i t y  
vec to r  o r i e n t a t i o n  was r e l a t i v e l y  independent of incremental  
v e l o c i t y  magnitude. There was l e s s  than one degree d i f f e rence  
i n  o r i en ta t ion  a t  each abor t  po in t  f o r  the t h r e e  l e v e l s  
considered. 

The geometry of a t y p i c a l  family of abor t  t r a j e c -  
t o r i e s  from a given abor t  po in t  i s  ind ica t ed  on Figure 3, 
where t h e  a b o r t  t r a j e c t o r i e s  i n i t i a t e d  a t  t h e  t i m e  po in t  of 
24.9 hours on t h e  re ference  o r b i t  are shown. The- geometry 
displayed by the  abor t  t r a j e c t o r i e s  i n  Figure 3 i s  gene ra l ly  
t y p i c a l  of t h a t  for any o t h e r  abor t  t r a j e c t o r y  included i n  
t h i s  r e p o r t .  

I n  the  following paragraphs t h e r e  w i l l  be d iscuss ions  
of the r e l a t ionsh ips  between the  incremental  a b o r t  v e l o c i t i e s  
and t h e  time requi red  from abor t  t o  r een t ry ,  t he  v e l o c i t y  
a t  r e e n t r y  and the m a x i m u m  d i s t ance  f rom t h e  e a r t h  achieved 
by the vehicle a f t e r  abor t .  

2. Time From Abort t o  Reentry 

Assuming tha t  for any reason a manned circumlunar 
f l i g h t  should r equ i r e  abor t ing ,  i t  has been s ta ted that  the  
minimization o f  time f r o m  abor t  t o  r e e n t r y  would probably 
be des i r ab le .  To a s s i s t  i n  an a n a l y s i s  of  t h i s  problem, a 
d i s p l a y  of  the time from abor t  t o  r e e n t r y  i s  shown on Figure 
4 as a funct ion of t h e  d i s t ance  from the e a r t h  a t  t h e  time 
of abor t .  The time from abor t  t o  r e e n t r y  i s  displayed f o r  
the t h r e e  incremental-velocity l e v e l s  o f  1500, 2000 and 
2500 m/s.  

Time from abor t  t o  r e e n t r y  becomes more meaningful 
when compared w i t h  corresponding values on the curve r e p r e - .  
s e n t i n g  t h e  time remaining t o  r e e n t r y  on the u n i n t e r r u p t e d '  
re fe rence  path, a l s o  shown on Figure 4. At ten t ion  i s  brought 
to the  f a c t  t h a t  the re ference  t r a j e c t o r y  h i s t o r y  is  divided 
i n t o  an outbound and an inbound l e g  of t h e  f l i g h t .  T h i s  
d i v i s i o n  i s  made a t  the  periselenum which i s  approximately 
391,000 km from t h e  e a r t h .  The behavior of the q u a n t i t i e s  
shown very near t o  periselenum would r equ i r e  a denser  survey 
than w a s  made, and s o  i s  not  shown here. 
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From th i s  f i g u r e  i t  can be seen tha t  s u b s t a n t i a l  
savings i n  t i m e  t o  r e e n t r y  can be r e a l i z e d  by a b o r t s  on the 
outbound l e g  o f  the reference o r b i t .  The advantage t o  be 
gained on the inbound l e g  i s  not as g r e a t  i n  comparison, 
and f o r  reasons which a r e  ind ica ted  i n  a l a t e r  paragraph, 
an abor t  on t h e  inbound l e g  may not  be advisable .  

Referr ing again t o  Figure 3, i t  may be seen that  
the  r e t u r n  l e g s  of the a b o r t  t r a j e c t o r i e s  s tud ied  form a 
r e l a t i v e l y  srriall volume i n  i n e r t i a l  space.  The e a r t h -  
referenced p o s i t i o n  a t  which the d e s i r e d  space referenced 
r e e n t r y  i s  achievable then i s  determined mainly by t h e  time 
spent  i n  f l i g h t  whiie the earth Tota tes .  T h i s  t l m c  i s  seen  
t o  vary considerably w i t h  t he  magnitude of t h e  incremental  
v e l o c i t y  (Figure 4 ) .  
chosen a t  a value that  produces the  d e s i r e d  e a r t h  r e l a t e d  
p o s i t i o n  a t  reent ry ,  and would depend on the d i s t ance  fronl 
t he  e a r t h  a t  t h e  time of abort .  There may be a number of  
such s o l u t i o n s  which d i f f e r  by mul t ip l e s  o f  24 hours. 

T h i s  parameter could the re fo re  be 

Choosing.the b e s t  of  t hese  s o l u t i o n s  t ha t  a r e  a l s o  
l e s s  than the 2500 m/s l i m i t  on v e l o c i t y  increment produces 
the  s t e p - l i k e  time-savings funct ion shown i n  Figure 5. The 
f l a t  segments r e s u l t  from h i t t i n g  the same r e e n t r y  time 
po in t  (same r o t a t i o n a l  pos i t i on  of earth t o  match same space 
f i x e d  r e e n t r y  p o s i t i o n )  and therefore ,  t he  same time-saving 
w i t h  r e spec t  t o  t h e  constant  re ference  r e e n t r y  t i m e  po in t .  
Comparing t h i s  curve w i t h  the  2500 m/s incremental  v e l o c i t y  
curve shows the penal ty  paid i n  time-savings for meeting 
the c o n s t r a i n t  of an e a r t h  f ixed r e e n t r y  p o s i t i o n .  

3. Reentry Veloci ty  

Thus f a r  considerat ion has only  been given t o  t h e  
minimization of t he  time from a b o r t  t o  r een t ry .  It might 
be noted that  c e r t a i n  t r adeof f s  should be kept i n  mind when 
consider ing t h e  minimization of  t h i s  time. One o f  t he  
a d d i t i o n a l  condi t ions which are  a f f e c t e d  by abor t ing  i s  t h e  
r e e n t r y  ve loc i ty .  

var iqus  abor t  t r a j e c t o r i e s  as a func t ion  of t h e  d i s t ance  
from the e a r t h  a t  the t i m e  of abo r t  i s  shown i n  Figure 6. 
At ten t ion  i s  d i r e c t e d  t o  t h e  s tandard  o r  re ference  r e e n t r y  
v e l o c i t y  and the escape ve loc i ty  magnitude f o r  the r e e n t r y  
a l t i t u d e  that  are ind ica t ed  on t h e  f i g u r e .  The r e e n t r y  
v e l o c i t y  which r e s u l t s  from aborts  on t h e  outbound l e g  of 

The behavior of t h e  r e e n t r y  v e l o c i t y  f o r  the 
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the  b a s i c  o r b i t  shows some i n t e r e s t i n g  behavior.  For a b o r t s  
e a r l y  i n  the f l i g h t ,  t h e r e  i s  an a c t u a l  reduct ion  i n  r e e n t r y  
v e l o c i t y  from t h a t  of t h e  re ference  r een t ry .  A s  t h e  poin t  
of abor t  nears t he  moon t h e r e  i s  an increase  i n  the  r e s u l t a n t  
r e e n t r y  ve loc i ty  above the  re ference  value,  bu t  i n  no case 
does it exceed escape ve loc i ty .  

The s i t u a t i o n  on t h e  inbound or r e t u r n  l e g  i s  q u i t e  
d i f f e r e n t ,  There not only i s  the  re ference  r e e n t r y  v e l o c i t y  
exceeded, but almost a l l  abor t s  r e s u l t  i n  v e l o c i t y  magnitudes 
g r e a t e r  than the  l o c a l  escape v e l o c i t y  a t  t h e  r e e n t r y  
a l t i t u d e .  The more severe hea t ing  encountered w i t h  t hese  
h igher  reent ry  v e l o c i t i e s  may impose r e s t r i c t i o n s  on the  
impulse appl ica t ion  on the  r e t u r n  l e g .  

4. Maximum Dlstance from t h e  Ear th  Achieved 
b y  Abort T r a j e c t o r i e s  

Another f e a t u r e  of t h e  abor t  t r a j e c t o r y  which may 
be considered i s  the apogee d i s t ance  or t he  maximum d i s t ance  
from the  ea r th  a f t e r  a b o r t .  The a b o r t s  nea r  t h e  e a r t h  on 
t h e  outbound l e g  r e s u l t  i n  apogee d i s t ances  of  d i f f e r e n t  
magnitudes depending upon the  a b o r t  impulses, Af t e r  having 
gone a c e r t a i n  d i s t ance  on the  re ference  o r b i t ,  a l l  abor t  
t r a j e c t o r i e s  r e t u r n  d i r e c t l y  t o  the earth w i t h  no f u r t h e r  
increase  i n  t h e  d i s t ance  f rom the  e a r t h .  The information on 
maximum dis tances  from t h e  e a r t h  a f t e r  a b o r t  i s  contained on 
Figure 7. 

v e l o c i t i e s  a r e  shown as wel l  as t h e  l i n e  for which t h e  abor t  
po in t s  themselves a r e  t h e  maximum. 

The d is tances  for t h r e e  l e v e l s  of incremental  

SECTION 111. CONCLUSIONS 

The f l i g h t  mechanical f e a t u r e s  of in-plane abor t ing  
f rom 8 t yp ica l  circumlunar o r b i t  have been presented.  From 
these  it is concluded t h a t  abor t  p rope l l an t s  i n  t h e  magnitude 
of  a 2500 m/s incremental  v e l o c i t y  a r e  s u f f i c i e n t  t o  e f f e c t  
reasonable aborts on t h e  re ference  t r a j e c t o r y .  

no t  seem t o  be t o o  advantageous because l a r g e  f l i g h t  time 
savings a re  not  r e a l i z e d  and i n  add i t ion ,  the abor t  k ick  
causes an increase  i n  the r e e n t r y  v e l o c i t y  above that  of the 
re ference  o r b i t .  

The abort  on the  inbound l e g  of t h e  re ference  o r b i t  does 
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